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(54) PTC RESISTOR AND MANUFACTURING METHOD THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a resistor element having a PTC characteristic and a 
small hysteresis, by causing the resistor element to contain at least one element of lanthanoids 
as a sub-component. 

SOLUTION: In a PTC resistor element made of V203 oxide ceramics which contains V203 as a 
principal component and a small quantity of sub-component added thereto and exhibits a PTC 
characteristic, at least one element of lanthanoids is contained as the sub-component. As the 
lanthanoids, at least one element of dysprosium, holmium, erbium, thorium, ytterbium, and 
lutetium is contained at a metal atomic ratio within a range of approximately 0.01 to 30%. Thus, 
an element having the hysteresis decreased and having excellent mechanical strength and 
thermal shock resistance may be provided. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

"IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The PTC resistor characterized by containing at least one element among 
lanthanoidses as an accessory constituent in the PTC resistor of the vanadium-oxide system 
ceramics which makes the PTC property that the temperature dependence of resistance 
changes suddenly by using a vanadium oxide as a principal component and adding the accessory 
constituent of a minute amount to this discover. 

[Claim 2] The PTC resistor according to claim 1 characterized by containing at least one 
element in a dysprosium, a holmium, an erbium, a thulium, an ytterbium, and a lutetium in 0.01 - 
30% of range by the metal atomic ratio as a lanthanoids. 

[Claim 3] The PTC resistor according to claim 1 characterized by containing a lanthanum, a 
cerium, a praseodymium, neodymium, a promethium, samarium, europium, a gadolinium, and at 
least one element in a terbium in 1 - 30% of range by the metal atomic ratio as a lanthanoids. 
[Claim 4] The manufacture approach of the PTC resistor characterized by adding and sintering 
the oxide of at least one element in a dysprosium, a holmium, an erbium, a thulium, an ytterbium, 
and a lutetium in the range of 0.01-30 mol % to a vanadium oxide in the manufacture approach of 
the PTC resistor of the vanadium-oxide system ceramics which makes the PTC property that 
the temperature dependence of resistance changes suddenly by using a vanadium oxide as a 
principal component and adding the accessory constituent of a minute amount to this discover. 
[Claim 5] The manufacture approach of the PTC resistor characterized by adding and sintering 
the oxide of at least one element in a lanthanum, a cerium, a praseodymium, neodymium, a 
promethium, samarium, europium, a gadolinium, and a terbium in 1 - 30% of range to a vanadium 
oxide in the manufacture approach of the PTC resistor of the vanadium-pxide system ceramics 
which makes the PTC property that the temperature dependence of resistance changes 
suddenly by using a vanadium oxide as a principal component and adding the accessory 
constituent of a minute amount to this discover. 



[Translation done.] 
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2. **** shows the word which can not be translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the PTC resistor and its manufacture approach 

of the vanadium-oxide (it is described as V2 03 below) system ceramics. 

[0002] 

[Description of the Prior Art] In recent years, the overcurrent which flows when large capacity- - 
ization progresses also in a low voltage power distribution system and a load short-circuits in 
connection with it is also high-currentHzed, and high breaking capacity-ization is desired also 
about the breaker. It corresponds to such a technical trend and is V2 03 as an overcurrent- 
protection component a high current and for large power. Use of the PTC resistor which uses 
the system ceramics as a principal component is expected. (V1-X AX) 203 (0.001<=x<=0.02 and 
A — aluminum — ) V2 03 which considers at least a kind of element chosen from Cr and Sc as a 
basic presentation From a room temperature, it increases gently, applying [ of the system 
ceramics ] it to 100-150 degrees C, and it increases rapidly about double figures near 100-150 
degree C (this temperature that changes suddenly is called transition temperature.), In 150-200 
degrees C, it becomes a peak, and has the property to fall, at the temperature beyond it. 
Moreover, the ratio of the resistivity after this sudden change and that before sudden change is 
called a PTC scale factor. 

[0003] V2 03 which has such a property If a big current is passed to the system ceramics, 
temperature rises by joule generation of heat, and it can consider as the ** style component 
which controls an overcurrent using resistance increasing and a current being restricted. In order 
to use as a ** style component, it is desirable for 5 or more times and transition temperature to 
be 100-200 degrees C for a PTC scale factor in general. If a PTC scale factor is 5 or more 
times, after transition, a current will become 1/5 or less, and 1/25 or less will be it as power. 
[0004] 

[Problem(s) to be Solved by the Invention] However, a hysteresis exists in the resistance 
temperature characteristic of the ceramics with the high PTC scale factor of the above- 
mentioned basic presentation, drawing 6 — chrome oxide (Cr 203) — 0.35-mol% 2 
(V0.9965aluminum0.0035)O3 added It is the temperature profile of a resistor. Transition 
temperature is lower than the time of a temperature up about 50 degrees C at the time of a 
temperature fall so that it may see to drawing. Therefore, when temperature once rose and it 
changed to the high resistance condition, the trouble said to return as a pile was in the low 
resistance condition. 

[0005] If a hysteresis is a small resistance temperature characteristic, it returns to a low 
resistance condition promptly, and can use as an over current-protection component with a high 
detection precision. It is made in order that this invention may solve an above-mentioned 
trouble, and the purpose is in offering the small ** style component of the hysteresis of a 
resistance temperature characteristic. 
[0006] 

[Means for Solving the Problem] This invention is V2 03 because of the above-mentioned 
technical-problem solution. Oxidation V2 03 which makes a PTC property discover by 
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considering as a principal component and adding the accessory constituent of a minute amount 
to this In the PTC resistor element of the system ceramics, at least one element shall be 
contained among lanthanoidses as an accessory constituent. 

[0007] It checked by experiment that the so-called PTC property that resistance increases 
rapidly with the rise of temperature appeared, and what has a small hysteresis was obtained by 
addition of a lanthanoids compared with the conventional additive. Especially, at least one 
element in a dysprosium (Dy), a holmium (Ho), an erbium (Er), a thulium (Tm), an ytterbium (Yb), 
and a lutetium (Lu) shall be contained in 0.01 - 30% of range by the metal atomic ratio as a 
lanthanoids. 

[0008] It checked that a PTC property discovered these elements by addition of a minute 
amount. A PTC property was not seen in addition exceeding 30-mol%. The manifestation device 
of a PTC property is considered to be based on formation of the solid solution (V1-X LnX) 203 
(Ln=Dy, Ho, Er, Tm, Yb, Lu). Moreover, a lanthanum (La), a cerium (Ce), a praseodymium (Pr), 
neodymium (Nd), a promethium (Pm), samarium (Sm), europium (Eu), a gadolinium (Gd), and at 
least one element in a terbium (Tb) may be contained in 1 - 30% of range by the metal atomic 
ratio as a lanthanoids. 

[0009] It checked it having been discovered depending on 1% or more of addition, and having 
shifted these elements to many range from the optimum dose range of the lanthanoids after Dy 
on the whole, although a PTC property is not discovered in addition of a minute amount. The 
manifestation device of a PTC property is considered to be based on formation of the perovskite 
compound LnV03 (Ln=La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb). 

[0010] As the manufacture approach of the PTC resistor of the vanadium-oxide system 
ceramics, to a vanadium oxide, it shall be the range of 0.01-30 mol % about the oxide of at least 
one element in a dysprosium, a holmium, an erbium, a thulium, an ytterbium, and a lutetium, or 
the oxide of at least one element in a lanthanum, a cerium, a praseodymium, neodymium, a 
promethium, samarium, europium, a gadolinium, and a terbium shall be added and sintered in the 
range of 1-30 mol %. 

[001 1] Oxide is the stable matter, and it mixes with a vanadium oxide well and it fits manufacture 

of the homogeneous ceramics. 

[0012] 

[Embodiment of the Invention] At the purpose which investigates the effect of a lanthanoids (it 
may express with Following Ln), it is V2 03. The oxide (Ln 203) powder of a lanthanoids was 
added, and preferential grinding was carried out with the wet ball mill for 12 hours. Pressing of 
the obtained fine particles was carried out, it calcinated at 1600 degrees C among hydrogen for 1 
hour, and the vanadium-oxide system ceramics was produced. The result of temperature-change 
measurement of the atomic ratio of Ln to V of the resistivity of 0.35% and 5.0% of sample is 
shown in Table 1. The PTC property of the sample which added aluminum and Sc which were 
produced similarly, or Cr (these were also added as an oxide.) as an example of a comparison 
was shown in Table 2. 
[0013] 
[Table 1] 
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[0014] 
[Table 2] 
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The hysteresis band in Table 1 and 2 is the difference of the transition temperature at the time 
of a temperature up and a temperature fall. Moreover, the column of an X diffraction shows the 
structure in the sample identified from X diffraction measurement on the strength at the room 
temperature on the front face of a sintered compact, and, in **, PE of an insulator phase means 
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existence of a perovskite mold compound. Although the solid-solution phase of the barium oxide 
was not filled in, it was seen by all samples. 

[0015] Table 1 shows that each will show a clear PTC property and 20 degrees C or less and a 
narrow PTC resistor will moreover be obtained for each hysteresis band in 5.0% of addition if the 
effect of a lanthanoids is seen. Ln element will be divided into two groups if Table 1 is seen well. 
One is the first group from La to Tb, and this group's element does not show the remarkable 
PTC property with the low addition of 0.35%. On the other hand, the second group from Dy to Lu 
shows the remarkable PTC property also with the low addition which it says is 0.35%. 
[0016] The resistance temperature characteristic of the PTC resistor which did 0.35 mol % 
addition of the oxide (Tm 203) of Tm as the second group's example of representation is shown 
in drawing 1 . An axis of abscissa is temperature and an axis of ordinate is resistivity. It is V2 03 
because of a comparison. The dotted line showed the temperature dependence of the resistivity 
of the sintered compact of a simple substance all over drawing. Tm 203 The transition 
temperature of the PTC resistor of which 0.35 mol % addition was done is 135.8 degrees C, and 
the PTC scale factor of 59.4 times and a hysteresis is as narrow as 23 degrees C. On the other 
hand, it is V203. A simple substance does not show a PTC property. 

[0017] The good PTC property has discovered even 5.0 more% of addition by addition of the 
oxide of Dy, Ho, Er, Tm, Yb, or Lu. If the column of the X diffraction of Table 1 is seen, into the 
group from Dy to Lu, as for a moiety, a perovskite compound (LnV03) will be seen also with the 
low addition which it says is 0.35%. In 5.0% of thing, it sets to all, and is LnV03. It looks. 
[0018] The addition dependency of the PTC scale factor in addition of Er, Tm, and Yb is shown 
in drawing 3 . An axis of abscissa is an addition and an axis of ordinate is a PTC scale factor. 
The thing of Er addition shows the big PTC scale factor over 0.1 - 20% of large range. Although 
the thing of Tm addition is data of 0.35 - 5.0% of range, it shows a scale factor higher than Er, 
and shows the possibility in the range larger than Er. The thing of Yb addition indicates the 
highest value to be 104 times at 0.35% which is the minimum amount of the experiment range, 
and has suggested that a peak is in the place of a lower addition. From these results, it is 
considered 0.01 - 30% as optimum dose range of lanthanoids addition. 

[0019] Below, some manifestation devices of a PTC property are considered. First, by addition of 
the oxide of aluminum of the example of a comparison, Cr, or Sc, the low addition called 0.35- 
0.75mol % shows the remarkable PTC property. Since the PTC property is discovered by the 
little addition 0.35mol %, also in the second group's (Dy, Ho, Er, Tm, Yb, Lu) addition, it is thought 
that the manifestation device of a PTC property is the same as that of the case where 
aluminum, Cr, or Sc is added. 

[0020] However, in addition [ of 5.0 mols ] %, although a PTC property is seen in the example, 
the example of a comparison shows NTC (negative temperature property). Although an insulator 
phase is seen, at the result of an X diffraction, it turns out by each addition of aluminum, Cr, or 
Sc that the perovskite mold compound (LnV03) is generating by addition of the lanthanoids of 
the second group of Table 1 to a perovskite mold compound not being seen, as shown in Table 2. 

[0021] 
[Table 3] 
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The trivalent cation radius and tolerance factor of an alloying element of a lanthanoids and th< 
example of a comparison were shown in Table 3. A tolerance factor (t) is an empirical formula 
ABX3. It is the guide in which the propriety of composition of the perovskite mold compound 
shown is shown, and defines as a degree type. 
[0022] 

Tk + r r 

t= 

2 1/a (r A +r, ) 



Here, it is ri. It is the radius of i ion. If the range of this tolerance factor is 0.75<=t<-1, 
composition of it is enabled. 

[0023] Each element can be classified from the ionic radius of Table 3, and the value of a 
tolerance factor to two, the group of aluminum, Sc, and Cr, and the group of a lanthanoids. The 
ionic radius of the latter is much larger than V to ionic radii of the former being near and t< 0.75 
at the value of V (vanadium), and it is t> 0.75. That is, the former is V2 03. It is easy to dissolve, 
and is hard to generate a perovskite mold compound, and the latter is V2 03. It is hard to 
dissolve and a perovskite mold compound can be generated. 

[0024] It is thought that there is such a factor in the difference in the physical properties of the 
sample which added aluminum, Sc, or Cr, and the sample which added Dy, Ho, Er, Tm, Yb, or Lu. 
That the PTC property has also discovered addition 5.0% and LnV03 Only the part which the 
solid-solution limit community existed with the addition kind and the addition, and exceeded it 
since it was generating is the perovskite mold compound LnV03. It is thought that it is 
generated. f 

[0025] Thus, 2 (V1-X LnX)03 By generating the solid solution of a mold (Ln-Dy, Ho, Er, Tm, Yb, 
Lu), it has a PTC property and the small component of a hysteresis is obtained also with a high 
transition temperature. In addition, by addition of the amount exceeding 30 mol %, it is LnV03. It 
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is formed superfluously and a remarkable PTC property did not appear. 

[0026] On the other hand, by addition of the first group from La to Tb, although 0.35% does not _ 
show a PTC property, the clear PTC property is shown at 5.0%. It is La 203 as the second 
group's example of representation. The resistance temperature characteristic of the PTC 
resistor of which 5.0 mol % addition was done is shown in drawing 2 . The transition temperature 
of this PTC resistor is 184.9 degrees C, and the PTC scale factor of 4.8 times and a hysteresis 
is as narrow as 7.4 degrees C. Furthermore, it is thought with a high addition that a PTC scale 
factor increases. And by the result of an X diffraction, it is LaV03 at 5.0%. It turned out that it is 
generated. Furthermore, fine ****** by the scanning electron microscope (SEM) to this LaV03 
Existing in the grain boundary was checked. 

[0027] If it sees by the previous tolerance factor, the group of La to Tb can say that a tolerance 
factor is large and especially a perovskite mold compound tends to be made. That is, it is 
thought conversely that the solid solution could not be made easily. The Ceramic Society of 
Japan annual convention draft in the :1987 fiscal year besides [Fukushima where the stress 
between particles is said to influence transition, p. — 1013] — rather the manifestation of the 
PTC property by addition of the group of La to Tb from things aluminum 203 and Cr 203 Or Sc 
203 Devices differ a little and it is LaV03 which is depended on each addition. V2 03 to depend 
It is thought that the operation of the stress to a grain is related. 

[0028] It is La2 03 5.0mol % addition, and the therm odilatometry result of Cr2 03 0.35mol% 
addition was shown in drawing 4 at drawing 5 . Cr 203 In addition, it corresponds to a resistance 
temperature change, and a thermal-expansion property also shows an abrupt change near 
transition temperature, and a big hysteresis exists. On the other hand, La 203 In addition, an 
almost uniform change is shown and a hysteresis does not exist, either. Cr 203 The abrupt 
change of a thermal-expansion property which is looked at by addition is La 203, although 
junction into other ingredients, such as an electrode in the case of applying as a ** style 
component for power and coating, was made difficult. In addition, since an abrupt change does 
not exist, it can solve such difficulty. Moreover, it relates to this thermal-expansion property, 
and is La 203. The component a mechanical strength and thermal shock resistance excelled 
[ component ] in addition more was obtained. 

[0029] The same result as La addition was obtained also about each element of Ce, Pr, Nd, Pm, 

Sm, Eu, Gd, and Tb. 

[0030] 

[Effect of the Invention] According to [ as stated in detail above ] this invention, it is V2 03. In 
the PTC resistor used as the principal component, by adding and sintering at least one element 
among lanthanoidses, it has a PTC property and the small resistor element of a hysteresis is 
obtained, especially — lanthanoids V2 03 ****** — what is necessary is just to add the oxide 
of at least one element in 0.01 - 30%, or La, Ce, Pr, Nd, Pm, Sm, Eu, Gd and Tb for the oxide of 
at least one element in Dy, Ho, Er, Tm, Yb, and Lu in 1 - 40% of range 

[0031] Consequently, since it returns to a low resistance condition promptly after transferring to 
a high resistance condition according to an overcurrent, it becomes an overcurrent-protection 
component with a high precision and is advantageous. Moreover, in the PTC resistor which 
added the lanthanoids, since an abrupt change does not exist in a thermal-expansion property, 
there is no difficulty injunction into coating or other ingredients, and the component in which a 
mechanical strength and thermal shock resistance were more excellent is obtained. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The resistance temperature profile of a Tm2 03 0.35mol % addition PTC resistor 
[Drawing 2] The resistance temperature profile of a La2 03 S.Omol % addition PTC resistor 
[Drawing 3] Drawing showing Tm of a PTC scale factor, and Er addition dependency 
[Drawing 4] The thermal-expansion property Fig. of a La2 03 5.0mol % addition PTC resistor 
[Drawing 5] The thermal-expansion property Fig. of a Cr2 03 0.35mol % addition PTC resistor 
[Drawing 6] The resistance temperature profile of a Cr2 03 0,35mol % addition PTC resistor 
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* NOTIGES * 
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"LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 
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3.1n the drawings, any words are not translated. 
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[Drawing 2] 
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[Drawing 31 
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[Drawing 4] 
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[Drawing 5] 




[Drawing 6] 
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